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-.-V  - SUM1ART 

1.  The  cerebral  Mood  flow  (CBF),  cerebral  metabolism  (CKROg),  and  vascular 
resistance  (CVR)  were  aeasured  in  15  subjects  before  and  during  lntira-. 
venous  administration  of  ethyl  alcohol  and  in  12  patients  during  severe 
self- induced  alcoholic  intoxication  end  following  recovery. 

2.  The  adadnistration  of  ethyl  alcohol  in  doses  sufficient  to  produce 
facial  vasodilatation  and  the  mental  changes  of  mild  Inebriation  did  not 

„ produce  any  changes  in  either  cerebral  blood  flow,  cerebral  metabolism 
or  vascular  resistance. 

5.  During  acute  severe  alcoholic  intoxication  there  was  a marked  Increase 
in  mean  cerebral  blood  flow,  an  equally  significant  reduction  in  cerebral 
- oxygen  uptake  and  a reduction  in  cerebral  vascular  resistance,  as  ceor 
pared  with  the  values  obtained  following  recovery. ~ 

h.  Low  concentrations  of  alcohol  in  the  blood  (averaging  68  mgm.jQ  had 

little  or  no  measurable  effect  on  cerebral  circulation  while  high  levels 
(averaging  320  mgm.$)  produced  a marked  depression  in  cerebral  oxygen 
consumption  despite  an  increase  In  blood  flow.  There  appears  to  be  no 
rational  basis  for  the  use  of  ethyl  alcohol  &b  a vasodilator  in  patients 
with  cerebral  vascular  disease. 

IHTRODUCnON 

The  ingestion  of  ethyl  alcohol  is  known  to  , produce  dilatation  of  the  . 
blood  vessels  in  the  skin  and,  to  a lesspr  extent,  those  in  other  tissues.  •, 
For  this  reason  it  has  been  advocated  for  the  treatment  of  peripheral  vas-  :i 
cular  disease  and  angina  pectoris. Its  use  as  a cerebral  vasodilator 
ba»  also  been  recommended’  because  of  the  dilatation  of  pial  vessels  ob-  - 
served  in  animals  given  large  amount;,  of  ethyl  alcohol  Intravenously. 

The  symptoms  of  acute  alcoholic  intoxication  are  generally  believed  to 
be  caused  by  depression  of  the  central  nervous  system.  In  vitro  studies, 
however,  have  shown  that  alcohol  In  concentrations  up  to  2%  produces  an 
Increase  in  oxygen  consumption,  while  concentrations  greater  than  this  pro- 
duce a decrease.1*'  A decrease  in  cerebral  arteriovenous  oxygen  difference  has 
been  found  during  alcoholic  intoxication  but  this  has  been  attributed  to  a 
reduction  in  cerebral  oxygen  utilisation  rather  than  to  an  increase  in 

cerebral,  blood  flow. 5 

This  paper  presents  our  observations  on  the  cerebral  blood  flow  and 
oxygen  consumption  in  patients  with  various  stages  of  alcoholic  Intoxication 
resulting  from  either  Intravenous  administration  of  ethyl  alcohol  or  the 
ingestion  of  large  amounts  of  whiskey* 
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Fiftaan  patients  convalesei%'4  r^' & variety  of  medical  illnesses 
(pueumonif,  arthritis/  etc*)  were  jiw.m  varying  amounts  of  ethyl  alcohol 
intravenously  in  a 5-lCj{  solution.  ETha-  age  of  the  patients  ranged  from  18  w < 
to  65  years  vith  an  average  of  \0  ys»#ra.  . Two  of  them  had  evidence  of  cere- 
bral disease,  one  of  whom  had  mallfnasunt  hypertension  and  encephalopathy  and 
the  other,,  severe  mental  deficiency.  Hbf  total  cosago  of  alcohol  ranged 
from  h to  cc.  of  absolute  alcohd  . a.d  averaged  22  cc.  The  solution  vas 
given  vithin  ljjto  minuses  and  jwc&Lced  visible  evidence  of  peripheral 
vasodilatation  in  most  patients  end » a stu'dj active  feeling  of  varaih*  M>st  of 
the  patients  shoved  symptoms  of  mill  i intoxication,  such  as  drowsiness , 
euphoria,  increased  volubility,  aniH  inappropriate  weeping  or  laughter*  The 
alcohol  levels  In  the  blood  ranged  frfroae  15  to  137  mgm.Jt  with  a mean  of  68 
There  was  a very  good  lines:  * correlation  between  the  dosage  of  . 
alcohol  adhilnlstered  intravenously,  ■ and  the  blood  alcohol  level  (r  » *93)*  (i 
of  the  line  of  regressioi  e represented  a blood  alcohol  level  of 
% for  each  0.1.0m*  alcohol  a tdamini stared  per  kilogram  of  body  weight* 
cohol  levels  on  arterial  b^c*d  -were  done  by  the  colorimetric  method 


. ('nei’ebral  blood  flow  (CBF)  iru  thsse  patiients  was  measured  by  the 
oxide  technique  of  Kety  and S Sdxmid-fc  7,  with  slight  modifications 
Fifteen  to  30  minutes  after  completio.on  of  the  control  blood  flow  procedure, 
the  infusion  of  alcohol  was  begun,  «nud  was  continued  through  moat  or  all  of 
the  second.  CBF  determination.  The  cesermbral  oxygen  consumption  (CMRO2)  was 
obtained  Multiplying  the  CBF  by  arterial- internal  Jugular  venous 

oxygen  difference*  The  cerebral  vticicidLar  resistance  (CVR)  vas  obtained  by 
dividing  &&  mean  arterial  pressure fcf  ty  the  CBF,  The  mean  arterial  pressure 
was  measured  between  the  blood  aaaqlfc  togs  with  a damped  mercury  manometer 
connected  to  the  arterial  needle. 

. Arterial  and  venous  blood  samjle-.ee  were  drawn  over  a 20-30  second  period 
Just  before  sand  after  the  CBF  proceldhirm.  "Gas  analysis  of  the  blood  samples 
for  oxygen  and  carbon  dioxide  was  tawe  by  the  combined  procedure  described 
by  Peters  and  Van  Slyke^  and  analyts.i  for  nitrous « oxide  by  the  method  of  „ 
Qrcutt  and  Waters^,  using  the  roodififlemtions  of  both  techniques  as  described 
by  Kety  and  Schmidt  *7  The  addition  a of  ethyl  alcohol  to  blood  samples  in 
concentrations  as  high  as  ty)0  mgmJw  ns  found  to  have  no  affect  on  the 
accuracy  of  the  nitrous  oxide  detetfioinaatfens . Hemoglobin  concentration  vas 
calculated  from  the  oxygen  capacity.  . Arterial  pH  vas  determined  with  the 
glass  electrode  of  the  Cambridge  Mtftelel  R pit  meter  and  corrected  to  body 
temperature  (357°  C.).  Arterial  pC^  calculated  from  the  pH,  COg  contt 

and  hematocrit  with  the  nomogram  of  2 Slnager  and  Hastings  Venous  oxygen  / 
tension  XPO2)  was  obtained  from  th«K  jH,  and  percent  oxygen  saturation,  using 
the  dissociation  curves  of  Dill.^ 

" fi' - " 

Similar  studies  were  performed  on  a second  group  of  12  pi  lent s who  had 

4- a IT*  — 4-«0  -r»s  /*  vr*C  owoi  « AimwA  el  eeVml  4 . 

uc«u  Wi.  v>mu  1,  w w wui*  vui,  ha  vm  wa  wv  »s**  x^vwawjlJl  1 


intoxication  Most  of  these  patiejitsos  kxad  been  found  lying  in  the  streets  of 
Atlanta  iity  - drunken  stupor  and  alia  of  them  were  comatose  on  admission  to 
the  hospital.  Cerebral  blood  flowStatudU.es  were  done  one  to  two  hours  later. 
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at  which  time  3 of  the  group  (W.B.,  H.S.,  J.W.)  were  still  completely  unre- 
■ sponsire , while  the  others  had  aroused  to  a stuporous  state.  None  of  the 
patients  was  given  any  medication  or  stimulant  prior  to  the  initial  cerebral  ; 
function  stitdies.  All  of  the  patients  had  a strong  odor  of  alcohol  on  the 
breath*  Several  patients  had  vomited,  and  some  had  urinary  and  fecal  .In- 
continence. , Speech  was  incoherent  and  rambling , > Blood  alcohol  levels  were 
obtained  in  6 subjects  and  ranged  from  234  to  413  mgm.£  with  a mean  of  320 
wgm.%.  The  other  6 patients  had  essentially  the  same  degree  of  intoxication 
and  would  have  been  expected  to  show  similar  blood  alcohol  levels.  The 
exact  amount  and  type  of  alcoholic  mixture  consumed  by, the  patients  could  not 
if  be  determined  with  accuracy,  since  most  of  them  either  had  amhjesia  for -the., 
events  preceding  their  stupor  or, were  loath  to  admit,, the  extent  of  their 
drinking.'  \ '•  - , 

' . ‘ «»  ..  v>  . •„  „ M ' 

The  ages  of  these  patients  varied  from  30  to  62  and  averaged  42  years. 
Cerebral  blood  flow  determinations  were  repeated  15  to  62  hours  after  the  , 
initial  procedure,  at  which  tilde  all  of  the  subjects  were  sober  and  reason- 
ably alert.  There  "yere  surprisingly  few  "hangover"  symptoms  present.  Hone 
of  the  patients  hadlheadache , evidence  of  dehydration  or  delirium  tremens 
ai  the  time  of  the  Second  blood  flow  determination*  Despite  a history  of 
chronic  alcoholism  the  patients  appeared  to  be  in  fairly  good  physical  con- 
dition with  one  exception.  This  was  a 62  year  old  patient  (H.S. ) who  had 
severe  hypertension  and  generalized  arteriosclerosis. 


The  intravenous  administration  of  small  amounts  of  ethyl  alcohol  in 
the  15  subjects  produced  little  change  in  the  mean  values  for  either  cere- 
bral  blood  flow,  oxygen  consumption  or  vascular  resistance  (Table  I). 

Several  of  these  individuals,  however,  showed  a slight  Increase  of  9 to 
12  cc./lOO  Gm.  brain/min.  ip.  CBF,  while  one  patient  had  a decrease  of  13 
cc./lOO  Gm./min.  There  was  only  a slight  fall  in  the  mean , cerebral  arterio- 
venous oxygen  difference  and  a small  decrease  in  arterial  blood  pressure. 
Mean  cerebral  respiratory  quotients  before  and  during  alcohol  infusion  were 
0.90  and  0.88,  respectively.  There  was  no  correlation  between  either  the 
CBF  or  CMR©2'  and-  tbe  individual  blood  alcohol  levels. 

In  contrast , there  were  marked  alterations  observed  in  the  cerebral 
functions  of  the  patients  admitted  to  the  hospital  with  severe  alcoholic  in- 
toxication (Table  II).  During. the  acute  stage  of  intoxication  there  was  a 
significant  increase  in  cerebral  blood  flow  (pCOl),  the  mean  CBF  at  this 
time  being  67  cc./lOO  Gm./min.  A considerable  increase  in  cerebral  blood 
flow  occurred  in  all  but  3 individuals  (H.S.,  J.W.,  and  W.J.B.),  as  shown  o 
in  Figure  1.  Following  recovery,  the  mean  CBF  fell  to  47  oci  - a decrease  ~ 
of  30$.  These  3 patients  had  no  essential  changes  in  CBF  but,  as  pointed 
out  below.,  showed  the  greatest  reductions  in  CMRO2  during  alcoholic  stupor, 
with  values  approximately  one  half  those  observed  following  iSCGVci  jTt 
During  intoxication  the  mean  arterial  blood  pressure  was  decreased  in  almost 
every  patient  and  a significant  reduction  in  mean  CVR  was  also  observed 
(p<.01).  Following  recovery,  the  mean  CVR  rose  frcaa  1.5  to  2.4  mm.  Bg/cc./ 
100  Gm./min. 
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With  few  exceptions  the  cerebral  oxygen  consumption  during  the  acute 
stage  of  alcoholic  intoxication  was  reduced  and,  following  recovery,  rose  to 
' approximately  normal  levels  (Figure  2).  The  mean  value  for  CMRO2,  when  the 
patients  were  intoxicated,  was  2.2  cc.  compared  with  3.2  ec./lOO  Gm./aini 
" when  they  were  sober  (p<.00l).  The  mean  cerebral  arterio-venous  oxygen  dif- 
ference during  intoxication  was  one  half  that  found  after  recovery.  During 
alcoholic  intoxication  there  appeared  to  be  an  inverse  relationship  between 
the  degree  of  increase  in  CBF  in  the  individual  patient  and  the  degree  of 
of  decrease  in  CMROo  (Figure  3)  • The  patients  with  the  least  rise  in  CBF 
had  the  greatest  reduction  in  oxygen  utilization,  while  those  with  the 
v greatest  increase  in  CBF  had  little  alteration  in  CMR02.  The  patient  (H.S.) 
with  the  lowest  CMtOjr  value  had  no  change  in  CBF. 

Acidosis  was  found  in  5 of  the  6 patients  in  whom  pH  determinations  were 
obtained*-  The  mean  arterial  pH  value  in  these  individuals  during  intoxica- 
tion was ' 7 .31  in  contrast  to  a value  of  7.40  while  sober.  The  arcerial  CO2 
» tension 'was  elevated  in  3 of  5 patients  during  intoxication.  The  mean  pC02 
in  the  5 patients  was  47  mm.  Hg  during  intoxication  and  39  mm.  Hg  following 
recovery.  The  majority  of  patients  showed  a reduction  in  cerebral  respira- 
tory quotient  during  intoxication  as  compared  with  .the  value  following 
recovery. 


COMMENT 

This  study  demonstrates  that  low  concentrations  of  alcohol  in  the  blood, 
15-137  mgm.%,  do  not  produce  significant  changes  in  either  cerebral  blood 
“flow*  or  oxygen  consumption  as  measured  by  the  nitrous  oxide  method. 


The  possibility  of  excessive  contamination  of  internal  Jugular  blood 
with  venous  blood  from  extracerebral  sources  must  be  considered,  since  this 
would  affect  the  validity  of  our  determinations.  At  the  level  of  the  jugu- 
lar bulb  this  contamination  ordinarily  is  slight.  Space  does  not  permit,  a 
complete  analysis  of  this  problem  in  relation  to  the  accuracy  of  the  nitrous 
oxide  method  during  alcoholic  intoxication.  Under  ordinary  conditions  a 
considerable  contamination  will  result  in  a falsely  low  value  for  cerebral 
blood  flow.  If  the  extracranial  vessels  are  markedly  dilated  the  cerebral 
blood  flow  may  be  falsely  high. 

O 

We  do  not  believe  that  any  important  error  was  introduced  in  these 
measurements  by  increased  addition  of  extracerebral  venous  blood  to  internal 
Jugular  blood.  Studies  of  the  nitrous  oxide  concentrations  in  external  and 
internal  Jugular  blood  in  two  patients  given  intravenous  alcohol  suggested 
that  there  was  only  mild  dilatation  of  extracerebral  vessels.  Furthermore, 
the  shape  of  the  arterial  and  internal  jugular  venous  nitrous  oxide  con- 
centration curves  in  both  groups  of  patients  did  not  suggest  excessive  con- 
tamination. 
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Alteration  in  cerebral  blood  flow-  might  have  been  expected  in  view  of  the 
fact  that  such  levels  are  usually  associated  with  evidence  of  extracranial 
and. facial  vasodilatation.  The  lack  Of*  any  alteration  in  cerebral  metabolism 
in  the  presence  of  mental  changes  of  mild  intoxication  might  appear  surpris- 
ing. It  is  possible,  however,  that  the  Rental  changes  observed  in  these 
patients  are  due  to  depression  of  specialized  areas  or  synaptic  systems  of 
the  brain  which  do  not  participate  greatly  in  the  over -all  oxygen  consump- 
tion of  this  organ,  but  are  nevertheless  important u in  emotional  control  and 
personality  integration.  Some  similar  circumstances  apparently  obtain  in 
patients  given  semi-narcotic  amounts  of  barbiturates  which,  although  produc- 
ing definite  mental  changes,  are  not  associated  with  alterations  in  either 
cerebral  blood  flow  or  metabolism. -5  The  absence  of  significant  changes  in 
the  arterial-internal  Jugular  venous  oxygen  difference;  in  patient^  receiving 
as  much  as  80  cc.  of  alcohol  intravenously  has  also  been  noted  by  others.^ 

These  studies  indicate  that  alcohol  in  the  intravenous  doses  employed 
has  little  effect  on  cerebral  blood  flow  and,  from  the  standpoint  of  modi- 
fying this  function,  would  not,  be  expected  to  be  of  value  in  the  treatment 
of  patients  with  "strokes'1  or  cerebral  vascular  disease.  Although  higher 
levels  of  alcohol  in  the/blood  were  found  to  produce  an  increase  In  cerebral 
blood  flew,  such  levels  are  associated  with  depression  of  cerebral  oxygen 
uptake,  and  would  require  approximately  100  cc,.  of  alcohol  or  200  cc.  of 
whiskey  orally;  ■ 

The  depressant  effect  of  large  doses  of  alcohol  on  the  brain  in  the  _ 
patients  with  severe  alcoholic  intoxication  has  been  found  in  a variety  of 
psychologic  and  psychqpotor  studies. ^ Electroencephalograph! c studies 
during  alcoholic  intoxication  have  shown  changes  similar  to  those  observed 
during  hypdxic  states.1® 

''  ..  H ‘ ■■  " 

The  poor  correlation  found  in  the  present  studies  between  the  blood 
alcohol  level  and  the  degree  of  reduction  in  cerebral  oxygen  uptake  might 
have  beer  due  to  the  fact  that  the  level  of , alcohol  in  the  blood  was  not 
always  the  same  as  that  in  the  nerve  cell  itself.  However,  this  seems 
doubtful  in  view  of  the  rapid  distribution  of  alcohol  throughout  the  body- 
water.1^  It  seems  more  likely  that  the  failure  of  correlation  was  due  to 
individual  differences  in  tolerance,  possibly  as  a result  of  chronic  addic- 
tion to  alcohol. 

" As  mentioned  above,  the  patients  with  the  greatest  increase  in  CBF 
during  intoxication  tended, to  have  the  least  degree  of  reduction  in  cerebral 
metabolism.  Since  blood  flow  is  normally  adjusted  to  tissue  needs,  a de- 
pression of  cerebral  metabolism  by  alcohol  would  be  expected  to  be  followed 
by  a1’ reduction  in  blood  flow  if  other  factors  were  not  operative.  It  ap- 
pears possible  that  an  increase  in  blood  flow  during  intoxication,  by  rais- 
ing oxygen  tension  in  the  capillaries  and  in  the  extravascular  fluid  of  the 
brain,  counteracted  to  some  extent  the  depressant  effects  of  alcohol  on 
cerebral  metabolism.  During  alcoholic  intoxication  the  mean  venous  pC>2  was 
actually  13  mm.  greater  than  that  found  following  recovery,  'mere  was  some 
tendency  for  the  patients  with  the  greatest  increase  in  Jugular  venous  pOg 
during  intoxication  to  have  the-  least  reduction  in  cerebral  oxygen  uptake. 

This  might  provide  a rational  basis  for  the  use  of  IOC#  oxygen  in  the  treat- 
ment of  acute  alcoholic  intoxication,  as  suggested  by  other  workers.1?  This 
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concentration  of  oxygen,  however,  acts  as  a cerebral  vasoconstrictor  and 
this  would  to  some  extent  offset  the  advantage  of  an  increase  in  oxygen  con- 
''  tent  of  the  arterial  blood. 

The  increased  CBF  found  in  a3SOciationQvith  high  levels  of  alcohol  is 
consistent  with  the  observations  of  Thomas^®  who  observed  dilatation  of  the 
pial  vessels  in  experimental  animals  given  intravenous  or  intracarotid  in  - 
f"  jections  of  ethyl  alcohol.  However,  the  increase  in  blood  flow  ih-tii^/se 
animals  was  transient  and  had  completely  subsided  in  15  to  30  minutes,  de- 
spite the  continued  presence  of  elevated  blood  alcohol  levels . \ ■ 

Other  factors  which  might  well  be  important  in  producing  the  increased 
, CBF  were  the  increase  in  CO2  tension  and  pH  changes  which  existed  in  ’several 
of  these  patients.  decrease  in  pH  was  found  in  5 of  the  6 patients  ilk 

whom  this  determination  was  , made.  Acidosis  has  also  been  reported  by  / 
others  and  is  thought  to  be  caused  by  accumulation  of  lactic  acid  and  Reten- 
tion of  carbon  dioxide .-*-9  Reduction  in  pH  is  commonly  believed  to  cause  an 
increase  in  cerebral  blood  flow,  but  recent  studies  in  our  laboratory*^  and 
by  Schieve  and  Wilson21  have  shown  that  cerebral  vessels  dilate  more  consis- 
tently with  elevations  of  CO2  tension  than  with  depression  of  pH.  The  mean 
increase  of  8 mm.  Hg  in  carbon  dioxide  tension  observed  in  our  patients  is 
ordinarily  sufficient  to  produce  considerable  dilatation  of  cerebral  vessels, 
A reduction  in  pulmonary  ventilation  was  found  in  2 of  the  3 patients  in  * 
which  this  function  was  measured  and  this  factor  might  have  produced  the  \ 
observed  elevation  in  pCC>2» 

1 „ a 

It  would  appear  from  these  data,  that  the  profound  narcosis  produced  by 
high  concentrations  of  alcohol  in  the  blood  can  be  accounted  for  by  depres- 
sion of  cerebral  metabolism.  It  is  of  course  possible  that  a number  of 
other  factors  such  as  an  acidosis,  dehydration,  and  hypoglycemia  may  also  be 
operative  in  some  of  these  patients.  Our  studies  do  not  provide  any  infor- 
mation as  to  the  exact  mechanism  of  the  depression  of  the  brain  in  alcoholic 
intoxication  except  to  indicate  that  impairment  of  the  cerebral  circulation 
is  not  a major  factor.  Despite  the  fact  that  the  cerebral  metabolism  of 
these  patients  readily  returned  to  normal  after  they  became  sober,  it  is 
possible  that  repeated  depression  of  the  brain  by  alcohol  may  result  in  per- 
manent cerebral  Injury  and  degeneration.  ::fZ.y 
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MEAN  VALUES  AND  STANDARD  DEVIATIONS  FOR  CEREBRAL  JUNCTIONS  IN  PATIENTS 
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PHYSIOLOGIC  DATA.  IN  PATIENTS  WITH  ACUTE  ALCOHOL  INTOXICATION 
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Statistically  significant,  difference  (p^.Ol)  from  mean  value  following  recovery. 
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Fig.  1.  The  changes  in  cerebral  blood  flow  in  patients  during 
severe  alcoholic  intoxication  and  following  recovery. 
The  broken  line  indicates  the  mean  value  in  control 
subjects." 
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